The winter weather in 1963 was unusually severe over the Far East, and many observation stations in Japan reported new records of the amount of snow fall. This case may be a suitable situation to study about the water-vapor supply from the Japan Sea and the snow fall over the Japan Islands.
Introduction
The study of modification of air-mass over the ocean has been performed by many authors. of monthly precipitation in January is as much as 300 or 500 mm, is well known as one of the heavist snow fall areas in the world. This phenomenon provides also an interesting problem of the budget analysis. Mastsmoto etal (1963) showed in their analysis of watervapor budget over the Japan Islands that such large amount of snow fall is not explained only by the condensation of watervapor over land because the mixing ratio of water-vapor in winter is small. They suggested that the transport of the , water substance in the form of liquid or solid-water would be important to explain the tremendous amount of snow.
On the other hand, as the result of the synoptic analysis of the heavy snow storm, many authors, such as Kawamoto and Miyazawa (1963), and Matsumoto etal (unpublished) , pointed out the intimate relation between cold vortex in the troposphere and heavy snow fall over the Japan Islands.
January in 1963 was memorable for the extreme severity of the cold weather over the North America, Europe and the Far East. The temperature in the middle of troposphere is extremely low during the investigated period, and observation of humidity or dewpoint temperature is extremely scarce above 500 mb. The mixing ratio of water vapor at 500 mb, however, is estimated to be at most 0.2 gr kg-1. The fact is also observed that the activity of the convective cloud is almost limited in the lower troposphere (Asai, (1964) ). Therefore the following assumption is adopted in the eq. (2) ; q =c=0 for p<500 mb.
Then eq. (2) is integrated over the investigated area after the third and sixth terms are dropped out with the aid of eq. (3), where dS, ds and V, are the area element, line element of the integral circuit and the wind velocity component normal to the line element ds, and pl denotes 500 mb.
When the mean budget of water-substance is discussed, eq. (4) is to be averaged over the investigated period (i. e. 10 days). Then the first and the third terms become smaller by two order of magnitude than those of the other terms.
Thus eq. (4) is rewritten, to express the mean budget, as where p0, q0, c, r and e are the pressure at the earth's surface, mixing ratio of water vapor, mixing ratio of water-substance except water vapor (i. e., the mixing ratio of solid and liquid water), the amount of precipitation and the amount of evaporation from the sea or land surface.
By It is as-sumed that, at first, the above mentioned clouds exist only in the the relation between the unknown constants a and h,n in eq. (9) is obtained as shown in Fig. 4 . On the other hand, the assumptions men- where Nc is the cloud cover. (The octal scale is used as the unit in the present paper). By comparison between the mean calculated and the mean observed cloud cover during the investigated period, the critical value hm in eqs. (l0) and (11) is to be decided. The relation between the mean calculated cloud cover obtained by using eq. (11) at each station for the various values of km and the actually observed mean cloud cover at each station are presented in Fig. 5 . When h m is taken as 85%, as seen in Fig. 5 , the calculated value almost coincides with the observed one, and the constant a is decided as 0.43 gr• kg-1 for this value of hm as seen in Fig. 4 Fig. 7 . The distribution of the total amount of precipitation over the Japan Sea in the investigated period (unit is mm). Manabe (1957 Manabe ( , 1958 in Table  3 and Fig.  8 . Also
Journ.
Met. Soc. Japan Budget over the Japan Sen 325 
(unit is 1011 gr• hour-1) . Although the independently evaluated values of four terms do not strictly satisfy eq. (5), the discrepancy is, as seen in eq. (14), very small as compared with the value of each term, so that the reliability is fairy high.
The vertical distribution of horizomtal divergence of water substance flux over this area is presented in Fig. 10 .
As the mixing ratio of water-vapor and the water content over Niigata is almost equal to those over Wajima, the divergence of watersubstance flux is not so much. The large part of the evaporation from the sea surfce and the convergence of water-vapor flux is consumed as the precipitation over this area. However some portion of them is still transported into the inland area of the islands as the form of liquid or solid water, thus positive value of *Fc is observed. The convergence of water-vapor flux appears, as seen in Fig. 10 , in the layer below 800 mb, and the divergence of liquid and solid water flux is significant in the layer between 800 mb and 600 mb.
The time variation
of water-substance budget and its relation to the synoptic weather situation In this section the time variation of watersubstance budget is discussed. For this purpose eq. (4), which contains the terms of the time change in the mixing ratio of water-vapor and liquid water, is used.
At first the variation of precipitation over the Japan Islands is discussed.
The. first, second, third and fourth terms in eq. (4) are calculated by using 12-hourly radio-sonde observation with the aid of eq. (12). The amount of evaporation from the coastal sea is also obtained 12-houly by using eq. (7). As for the evaporation from the ground, the mean value obtaind in section 4 is used instead of the value calculated 12-hourly, because it is so small to have a reliable estimation of it. Thus as the residual in eq. (4), the amount of 12-hourly precipitation, which is defined here as the calculated precipitation, is obtained.
The amount of observed 12-hourly precipitation obtained by the network of synoptic weather stations and the climatological stations is compared with the above mentioned calculated one in Fig. 11 . The good accordance between them as obviously seen in this figure show the propriety of eq. (12) again.
The role of the liquid and solid water, i. e. the third and fourth terms in eq. (4) is very important also in the water- substance budget in the short time interval.
Next, the time variation of the amount of evaporation from the Japan Sea surface is calculated.
In this case, other five terms in eq. (4) are evaluated with 12-hourly observed data, and as the residual the amount of evaporation for 12 hour interval is evaluated (Fig.  12) . Negative values of evaporation appear at 18th, 20th and 25th, which would be the result of the error in the evaluation of each term in eq. (4). The maximum evaporation during the investigated period is about 0.5 mm hour-1 and is about 2.5 times as large as the mean value.
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Finally the time variation of the watersubstance budget are briefly discussed in relation to the synoptic weather situation. For the same period as is considered in this paper, the synoptic analysis on the cold vortices, which are extremely predominant in this winter, are investigated by Mastumoto etal. The time section of the mean potential temperature and the static stability over the Japan storm over the Japan Islands, as pointed out by several authors mentioned in the first section, is obviously seen in the comparison between the Figs. 11 and 13. However the relation between the 12 hourly amount of the precipitation over the Japan Islands and that of the evaporation from the Japan Sea is rather obscure.
The time variation of the sensible heat supply from the Japan Sea is obtained by the present author (1964) in his analysis of heat budget over the Japan Sea and the Japan Islands, and the result is reproduced in Fig. 14 . The remarkable max- Sea area are persented in Fig. 13 . Three cold vortices passed accross the investigated area duriug the ten day period, i. e. at Jan. 19th, 21th and 24th as seen in Fig. 13 . Matsumoto pointed out that the thermal axises of these cold vortices are inclined towards their moving direction especially when they move into the Japan Sea. This inclination is seen in the time section of vertical stability, i. e. less stable static stabilities are observed in front of the cold vortices.
The intimate relation between the cold vortex in the troposphere and the heavy snow ima of the sensible heat supply appear in front of the cold vortices where maxima of horizontal wind convergences and vertical upward motions are also observed.
Considering the results mentioned above, the relation between the synoptic weather situations and the water-substance budget would be summarized as follows. The sensible heat supply from the Japan Sea increases according to increasing water-air temperature difference when cold vortex approaches the Japan Sea.
The temperature of lower layer of the atmosphere does not decreased so much as in higher layer because of the heating from the sea surface, and consequently the vertical static stability decreases. This is a favourable condition for the development of convective motions. The evaporation from the sea surface, however, does not always increase under the above mentioned conditions, because the surface seawater temperature itself decreases to a certain extent following the decrease of air tempera-
